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DETECTION OF NUCLEIC ACIDS BY 
TARGET-SPECIFIC HYBRID CAPTURE 

METHOD 

This application is a continuation-in-part application under 
35 U.S.C. § 120 ofU.S. patent application Ser. No. 11/005, 
617, ?led Dec. 6, 2004 noW abandoned, entitled “Detection of 
Nucleic Acids by Target-Speci?c Hybrid Capture Method,” 
Which is a continuation-in-part U.S. patent application Ser. 
No. 10/971,251 ?led Oct. 20, 2004, noW abandoned, all of 
Which are herein incorporated by reference. 

FIELD OF INVENTION 

This invention relates to the ?eld of nucleic acid detection 
methods in general and more particularly relates to the detec 
tion of nucleic acids by target- speci?c hybrid capture method. 

BACKGROUND OF THE INVENTION 

The detection of speci?c nucleic acid sequences present in 
a biological sample is important for identifying and classify 
ing microorganisms, diagnosing infectious diseases, detect 
ing and characterizing genetic abnormalities, identifying 
genetic changes associated With cancer, studying genetic sus 
ceptibility to disease, and measuring response to various 
types of treatment. Common techniques for detecting and 
quantitating speci?c nucleic acid sequences are nucleic acid 
hybridiZation and target ampli?cation. 

Various hybridiZation methods are available for the detec 
tion and study of nucleic acids. In a traditional hybridiZation 
method, the nucleic acids to be identi?ed are either in a 
solution or a?ixed to a solid carrier. The nucleic acids are 
detected using labeled nucleic acid probes Which are capable 
of hybridizing to the nucleic acids. Recently, neW hybridiZa 
tion methods have been developed to increase the sensitivity 
and speci?city of detection. One example is the Hybrid Cap 
ture® method described in Us. application Ser. No. 07/792, 
585 and Us. Pat. No. 6,228,578. Although these neW hybrid 
iZation methods offer signi?cant improvements over the 
traditional methods, they still lack the ability to fully dis 
criminate betWeen highly homologous nucleic acid 
sequences. 
The polymerase chain reaction (PCR) is the most com 

monly used target nucleic acid ampli?cation method. HoW 
ever, PCR is limited to some extent When a large number of 
different targets are to be ampli?ed simultaneously, i.e., mul 
tiplex reactions, Which may cause not only PCR artifacts such 
as primer-dimers, but also spurious target ampli?cation. In an 
attempt to overcome this limitation, consensus primers may 
be used When a number of targets have homologous regions. 
HoWever, homology betWeen species is never 100%, and as a 
result, the primers Will have several mismatches With differ 
ent targets, causing non-uniform ampli?cation. When differ 
ent amounts of targets are present in a sample, the ampli?ca 
tion ef?ciency of different PCRs also varies, leading to non 
uniform and non-speci?c ampli?cation of different targets. 

It is therefore an object of the present invention to provide 
a method for detecting target nucleic acid sequences Which 
not only provides increased rapidity and sensitivity, but Which 
is also highly speci?c and capable of discriminating betWeen 
multiple highly homologous nucleic acid target sequences 

SUMMARY OF THE INVENTION 

The present invention provides a novel nucleic acid detec 
tion method, referred to herein as target-speci?c HYBRID 
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2 
CAPTURE (“TSHC”). TSHC is a rapid, highly speci?c, and 
sensitive method capable of discriminating betWeen and 
detecting highly homologous nucleic acid target sequences. 
One embodiment of the invention relates to a method of 

detecting and/or quantifying one or more target nucleic acids, 
comprising the steps of target enrichment, ampli?cation, and 
detection for the rapid and sensitive detection of the target 
nucleic acid sequences. 

In one embodiment of the claimed method, one or more 
target nucleic acids are detected by: capturing the target 
nucleic acids to a solid support by mixing the target nucleic 
acids, nucleic acid probes complementary to the target 
nucleic acids, Wherein one is RNA and the other is DNA, and 
a solid support; removing unbound target nucleic acids and 
nucleic acid probes; amplifying the captured target nucleic 
acids or nucleic acid probes, forming a plurality of amplicons, 
Where the presence of the amplicons is indicative of the pres 
ence of the target nucleic acids; and detecting the target 
nucleic acids by mixing the target nucleic acids With select 
able and distinguishable oligonucleotides Which hybridiZe to 
a portion of the target nucleic acids, (i.e., capture sequence 
probes; CSPs) and nucleic acid probes complementary to a 
different portion of the target nucleic acids (i.e., signal 
sequence probes; SSPs), Wherein either the probe or target is 
an RNA and the other is DNA, Where DNAzRNA hybrids are 
detected by DNAzRNA hybrid-speci?c binding agents, 
Which are directly or indirectly labeled, thereby detecting the 
target nucleic acids. The SSPs are not limited to serving as 
only a means for producing a signal for detection; but may be 
used in the target enrichment step by hybridiZing to the target 
nucleic acid, enabling capture With a DNAzRNA hybrid-spe 
ci?c binding agent. 

In yet another embodiment, a plurality of target nucleic 
acids are detected by: hybridiZing a plurality of target nucleic 
acids to nucleic acid probes Which are complementary to the 
target nucleic acids, forming DNAzRNA hybrids; capturing 
the DNAzRNA hybrids With DNAzRNA hybrid-speci?c anti 
bodies conjugated to solid supports; removing unbound tar 
get nucleic acids and nucleic acid probes; amplifying the 
captured target nucleic acids or nucleic acid probes, forming 
a plurality of amplicons, using random primers and DNA 
polymerase, Where the presence of the plurality of amplicons 
is indicative of the presence of the target nucleic acids; 
hybridiZing nucleic acid probes complementary to a portion 
of the target nucleic acid sequences, forming DNAzRNA 
hybrids betWeen targets and probes; hybridiZing oligonucle 
otides conjugated to a solid support to a different portion of 
the target nucleic acids, Wherein the solid support is select 
able; selecting the oligonucleotide complexes; and detecting 
the plurality of target nucleic acids by binding DNAzRNA 
hybrid-speci?c binding agents to the DNAzRNA hybrids. 

In a further embodiment, one or more target DNAs are 
detected by a multiplex method having the steps of: hybrid 
iZing a plurality of target DNAs to RNA probes Which are 
complementary to the target DNAs, forming DNAzRNA 
hybrids; capturing the DNAzRNA hybrids With DNAzRNA 
hybrid-speci?c antibodies Which are conjugated to beads; 
removing unbound nucleic acids and nucleic acid probes by 
Washing excess nucleic acids and probes; isothermally ampli 
fying the target DNAs using random primers and DNA poly 
merase, forming a plurality of amplicons; hybridiZing RNA 
probes complementary to a portion of the target DNAs (i.e., 
SSPs), forming DNAzRNA hybrids; hybridiZing speci?c 
DNA oligonucleotides to a different portion of the target 
DNAs, Wherein the DNA oligonucleotides are conjugated to 
selectable beads; and detecting the plurality of target DNAs 
by binding detectably labeled DNAzRNA hybrid-speci?c 
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antibodies to the DNA:RNA hybrids and selecting target 
DNA using selectable oligonucleotide-conjugated beads 
(i.e., CSPs), Wherein the DNA:RNA hybrid-speci?c antibod 
ies are detectably and distinguishably labeled. The presence 
of each target is detected by the labeled DNA:RNA antibody 
through SSPs Which form DNA:RNA hybrids With the target, 
While the various targets are separated or selected based on 
the oligonucleotide-conjugated bead (i.e., CSP). The pres 
ence of amplicon and DNA:RNA hybrids is indicative of the 
presence of the target DNAs. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention provides a method for enriching, amplify 
ing, and detecting the presence of a nucleic acid or a plurality 
of nucleic acids in test samples. More speci?cally, the inven 
tion provides a highly speci?c and sensitive method Which is 
capable of discriminating betWeen and detecting highly 
homologous nucleic acid sequences. 
One embodiment of the invention is directed to rapid, 

sensitive methods for multiplex detection of target nucleic 
acid sequences, Where a plurality of different target nucleic 
acid sequences may be detected simultaneously. This method 
may be automated. The method essentially comprises three 
steps: target enrichment; target ampli?cation; and target 
detection, Which presents a semiquantitative or qualitative 
approach for nucleic acid diagnostics. This embodiment of 
the invention may be performed in multiplex format detecting 
target nucleic acid sequences in puri?ed or unpuri?ed 
samples, Where a concentration of target may be as loW as 
about 50 copies or feWer per milliliter of sample to about 100 
copies of target, to as great as 108 copies per milliliter. Detec 
tion of individual pathogens or targets in biological samples, 
such as but not limited to HSV and HPV types, may be 
performed in multiplex, preferably but not limited to, 
50-plexes. 
As is bene?cial, this multiplex method of detecting a plu 

rality of target nucleic acid sequences is a relatively rapid, 
sensitive, and accurate method having tWo levels of speci?c 
ity Which is an advantageous feature for clinical assays. The 
tWo levels of speci?city are achieved in the target enrichment 
and detection steps by using sequences speci?c for the target. 

Target enrichment is the ?rst step Which prepares the 
sample for ampli?cation by separating non-speci?c nucleic 
acids and contaminants from the speci?c target. The presence 
of non-speci?c or undesirable nucleic acid sequences 
decreases the sensitivity of target ampli?cation by interfering 
With ampli?cation and detection. The target enrichment step 
puri?es the sample from possible inhibitors and eliminates 
non-speci?c nucleic acids thereby providing the ?rst level of 
speci?city. Eliminating non-speci?c nucleic acids alloWs 
e?icient ampli?cation in the isothermal ampli?cation step 
and thereby minimizes the competition betWeen homologous 
targets. Target enrichment also denatures double-stranded 
targets, creating single-stranded DNA for ef?cient ampli?ca 
tion. Various reagents may be used in the target enrichment 
step in order to improve target capture. For example, subtili 
sins may be used to improve target capture, especially in 
clinical samples that are bloody. Subtilisins, or carbonyl 
hydrolases, are alkaline proteases that are secreted by mem 
bers of the genus Bacillus. When target nucleic acids are 
captured by beads, the presence of subtilisin causes the beads 
to form tight pellets, thereby enhancing the ease of Washing 
aWay unbound or undesirable materials. Furthermore, the 
target enrichment step also concentrates target nucleic acid in 
a small volume. 
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4 
Enrichment of the target is achieved by mixing a target 

nucleic acid, a DNA:RNA hybrid-speci?c binding agent, 
such as a nucleic acid probe Which is complementary to the 
target nucleic acid, for example, a signal sequence probe, and 
a solid support, Where the target nucleic acid and the DNA: 
RNA hybrid-speci?c binding agent hybridiZe to form a DNA: 
RNA hybrid on a solid support, and removing any nucleic 
acids Which do not form a DNA:RNA hybrid or are not 
captured to a solid support. 

In particular, separation of the desired target nucleic acid 
and the non-speci?c nucleic acid is accomplished by the 
formation of DNA:RNA hybrids that are captured on a solid 
phase or solid support, such as for example, paramagnetic 
beads modi?ed With DNA:RNA hybrid-speci?c binding 
agents such as, but not limited to, antibodies speci?c for 
DNA:RNA hybrids (e. g., HYBRID CAPTURE antibody, 
HC-Ab), monoclonal or polyclonal antibodies, or fragments 
thereof, proteins, catalytically inactive RNase H, nucleic 
acids, nucleic acid aptamers, or oligonucleotides having the 
ability to bind and form a triplex structure. The binding a?in 
ity of RNase H for DNA:RNA hybrids in the absence of Mg2+ 
and catalysis via surface plasmon resonance is reported by 
Haruki, et al. [“Kinetic and stoichiometric analysis for the 
binding of Escherichia coli ribonuclease HI to RNA-DNA 
hybrids using surface plasmon resonance” J. Biol. Chem. 
272:22015-22022, 1997, incorporated by reference]. This tar 
get enrichment step may be carried out on any solid support, 
such as on microtiter plates, microchips, beads, paramag 
netic/non-paramagnetic beads or any of the previously men 
tioned solid phases. For example, target DNA, RNA probe, or 
set of different RNA probes (if in a multiplex reaction), and 
beads bound With conjugated DNA:RNA HC-antibodies are 
mixed. The target DNAs and RNA probes form DNA:RNA 
hybrids. The DNA:RNA HC-antibodies are conjugated to 
solid supports, such as paramagnetic beads. Once the DNA: 
RNA hybrids are captured onto solid supports, all unbound 
nucleic acid sequences and contaminants are Washed aWay, 
preferably by repeated Washes using buffers Which do not 
degrade or affect the hybrids. 
As an alternative or in addition to using the DNA:RNA 

hybrid-speci?c antibodies, oligonucleotides or polynucle 
otides of any length that are complementary to the targets 
conjugated to a solid phase may be used for capturing target 
nucleic acid sequences. For example, oligonucleotides or 
probes Which recogniZe a speci?c HPV type may be conju 
gated to a solid phase, such as a plate, chip, or bead. Several 
beads conjugated to speci?c and knoWn probes form a bead 
set. For example, each bead set is speci?c for one HPV type. 
In a multiplex format, multiple bead sets Which identify vari 
ous HPV types, one HPV type per bead set, may be used. 
Oligonucleotides useful in the capturing the target nucleic 
acid may be partial or complete, locked nucleic acids (LNA), 
peptide nucleic acids (PNA), or have other modi?cations 
[Current Protocols in Nucleic Acid Chemistry, Eds. Serge L. 
Beaucage, et al., John Wiley & Sons® 2004]. The nucleic acid 
probe may have a length up to about 100% of the target 
nucleic acid length, and range from about 50 bases to about 10 
kilobases in length. The target nucleic acid may be either 
DNA or RNA. If the target nucleic acid is RNA, then cDNA 
may be generated from the RNA target by any of the com 
monly knoWn methods, or the target RNA may be captured by 
a DNA probe, Where hybridized DNA probe Will be ampli?ed 
and detected. 
The target enrichment step is not limited by the embodi 

ments described herein. One skilled in the art Will understand 
hoW to purify a target nucleic acid in a sample such that 
contaminants, inhibitors and other non-speci?c nucleic acids 
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are removed or eliminated from the sample based upon the 
principles described herein. Sample preparations are known 
and understood in the art through commercially available 
methods and kits, such as plasmid mini- or maxi-preparation 
kits, gel extraction kits, and DNA and RNA puri?cation kits. 
These may be used to facilitate the target enrichment step in 
certain circumstances Where loWer sensitivity is acceptable. 

After target enrichment, the sample undergoes nucleic acid 
ampli?cation. Isothermal target ampli?cation of nucleic 
acids using oligonucleotide primers of random sequences and 
a DNA polymerase With strand-displacing activity addresses 
many of the limitations such as, but not inclusive, of limited 
multiplex capabilities and non-uniform ampli?cation of mul 
tiplex PCR. The ampli?ed sequences, or amplicons, are iden 
ti?ed through hybridization to the sequence speci?c oligo 
nucleotides. Ampli?cation may also be performed With the 
individual targets rather than in multiplex format and ampli 
cons may be combined for the hybridization assay. 

DNA polymerase may be used to extend the primers and 
activate strand displacement. Alternatively, if a DNA probe is 
used to capture the target RNA, then the hybridized DNA 
probe is ampli?ed and detected. Another embodiment entails 
reverse transcribing target RNA to produce cDNA, as the 
DNA target, Which may be captured as described above. This 
second step preferably uses isothermal ampli?cation of a 
target nucleic acid. Speci?cally, oligonucleotide primers of 
random sequence and a DNA polymerase having strand-dis 
placing activity may be useful in isothermal ampli?cation. In 
one embodiment, a solid phase or support such as, but not 
limited to magnetic beads, Which has a captured target nucleic 
acid may be used directly in an ampli?cation mixture. DNA 
targets may be ampli?ed using any DNA polymerases, (in 
cluding but not limited to, phi29 DNA polymerase, Bst DNA 
polymerase, T4 DNA polymerase, T7 DNA polymerase, and 
DNA Polymerase I), that are primed With random primers. 
Random primers may have a speci?c ratio of dG, dC, dT 

and dA monomers for optimal e?iciency. One or tWo nucle 
otide bases could be completely omitted for optimal perfor 
mance. The random primer pool does not need to include all 
of the possible sequences. Sequences included in the pool 
also do not need to be at equimolar concentrations. In fact, 
random primer pools may include a subset of primer 
sequences selective for particular diseases. The length may 
vary from about 4 to about 20 nucleotides, and preferably 
from about 5 to about 8 nucleotides. Length may depend on 
the ratio of monomer Within the primer. An optimal ampli? 
cation temperature varies betWeen about 250 C. and about 70° 
C., preferably about 28° C. to about 400 C., depending on the 
length of the primers Which may be determined by one skilled 
in the art and Without undue experimentation. The optimal 
temperature could be estimated by using commercially avail 
able softWare that predicts the annealing temperature of the 
oligonucleotides. One example of such commercially avail 
able softWare is OLIGOTM s Version 6.0 or 6.41 (Molecular 
Biology Insights; Cascade, Colo.). For example, the target 
DNA may be ampli?ed for 2 hours With pentamer primers in 
combination With phi29 DNA polymerase. 

Pentamer primers, for example, are protected from exonu 
clease degradation by modi?cations. Phosphorothioate bonds 
or 2'-O-methyl groups may be included into the structure of 
the primers. The ampli?cation reaction preferably occurs 
over 1-3 hours depending on the required sensitivity, Which is 
substantially shorter than the duration of published protocols 
for phi29 DNA polymerase reactions [Gary J. Vora, et al., 
AppliedandEnvironmenZalMicrobiology, 70 (5): 3047-3054, 
2004, incorporated by reference]. A unique formula of 
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6 
reagents combined With the chosen target enrichment step 
and the target detection step enables the relatively short 
ampli?cation time. 
The target ampli?cation step of the invention preferably 

utilizes isothermal ampli?cation Which enables: ampli?ca 
tion of an unlimited number of targets With uniform e?i 
ciency; ampli?cation of the entire sequence, not a fragment as 
is the case in the polymerase chain reaction (PCR); and alloWs 
target detection even if a part of the target sequence in the 
biological sample is removed. For example, the L1 region is 
often deleted in HPV; hoWever, by using a hybridization 
probe for the L1 and E regions [M H Einstein and G N 
Goldberg, Cancer Invest. 20:1080-1085, 2002], the deleted 
sequences may still be detected With the same level of sensi 
tivity, thus alloWing detection of the target even though part of 
the sequence is absent. Multiplex isothermal ampli?cation 
may be performed at a temperature ranging from about 25 ° C. 
to about 400 C. With a reaction time ranging from 1 to 3 hours. 
Non-limiting examples of isothermal ampli?cation include 
rolling circle ampli?cation [Lizardi P., Huang X., Zhu Z., 
Bray-Ward P., Thomas D., Ward D. “Mutation detection and 
single molecule counting using isothermal rolling circle 
ampli?cation” Nat. Genet. 1998, 19:225-232]; multiple dis 
placement ampli?cation [Little M., et al. “Strand displace 
ment ampli?cation and homogenous real-time detection 
incorporated in a second generation probe system” Clin. 
Chem. 1999, 45:777-784]; and protein-primed DNA ampli 
?cation [Blanco M., Lazaro 1., de Vega M., Bonnin A., Salas 
M “Terminal protein-primed DNA ampli?cation” Proc. Natl. 
Acad. Sci. USA, 1994, 91 :12198-12202]. Other target ampli 
?cation embodiments include those Where the target is 
released from the solid support before adding it to the ampli 
?cation mixture. Non-limiting Ways for releasing the target 
nucleic acid include, alkali treatment, high temperature incu 
bation, and RNaseH treatment. A unique formula of reagents 
combined With the chosen target enrichment step and the 
target detection step permits use of the relatively short ampli 
?cation time. The reagents for isothermal ampli?cation may 
be performed simultaneously With target ampli?cation, 
optionally including RNase H, Which Would increase the 
number of priming sites on the target DNA. These methods 
alloW denaturation as Well as solid support release enabling 
more e?icient target ampli?cation. 
The next step involves the detection of individual target 

nucleic acid sequences Within the ampli?ed nucleic acid. The 
sensitivity and speci?city of this step usually depends on the 
ampli?cation e?iciency. The detection and elucidation of the 
target nucleic acid is performed by hybridizing different por 
tions of the ampli?ed target product, or amplicons, to indi 
vidual capture sequence probes Which are conjugated to a 
solid support and speci?c probes complementary to the target 
sequence forming a target complex. Hybridization of differ 
ent portions of the target nucleic acid sequence With tWo 
probes provides tWo levels of speci?city, ensuring the detec 
tion and identi?cation of a speci?c target in a sample. 

Oligonucleotides or capture sequence probes conjugated to 
a solid support, preferably beads Which are selectable, are 
useful in obtaining one level of speci?city. Hybridization of 
the CSPs to the ampli?ed target nucleic acids folloWed by 
subsequent selection of the beads, enables the separation of 
the target complex from the unbound or partially bound enti 
ties. The CSPs are generally added in excessive amounts in 
order to ensure binding. Preferably, the CSPs and SSPs do not 
have overlapping sequences; hoWever, it is possible to per 
form the method in one embodiment Where the CSPs and 
SSPs have overlapping sequences complementary to the tar 
get nucleic acid sequence. 
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Capture sequence probes (CSP) or oligonucleotides may 
be conjugated or attached to a solid phase, solid support, or 
solid matrix Which includes, for example, polystyrene, poly 
ethylene, polypropylene, polycarbonate or any solid plastic 
material in the shape of plates, slides, dishes, beads, particles, 
cups, strands, chips, strips, microplates, and microarrays. A 
solid phase also includes glass beads, glass test tubes and any 
other appropriate glass product. A functionalized solid phase 
such as plastic or glass that has been modi?ed so that the 
surface contains carboxyl, amino, hydrazide, aldehyde 
groups, nucleic acid or nucleotide derivatives can also be 
used. Any solidphase such as plastic, metal, magnetic or glass 
microparticles, beads, strips, test tubes, slides, strands, chips, 
microchip or microtiter plates can be used. 

Capture sequence probes or oligonucleotides are nucleic 
acid probes Which comprise at least 8 bases, preferably 15 to 
100 bases, and more preferably 20 to 40 bases. The capture 
sequence probes are preferably identi?able, either by their 
knoWn locations on a solid support, such as a sub-Well plate, 
or When, for example, conjugated to beads, by a distinguish 
able colored dye. The means for identifying the capture 
sequence probes are knoWn in the art, and are exempli?ed in 
the instant speci?cation. 

Hybridization to the sequence speci?c probes Which may 
be attached to the solid support not only alloWs for identi? 
cation of the speci?c targets, but also provides a second level 
of speci?city to the assay, making it a more reliable clinical 
assay. If loWer sensitivity is required, signal ampli?cation is 
not necessary and detectionusing (signal) oligonucleotides or 
polynucleotides attached to the reporter (biotin, ?uorophore, 
enzyme, etc.) may be used. There may be more than one 
detection oligonucleotide per target. Both capture and detec 
tion oligonucleotides may be additionally modi?ed, e.g., 
PNA, LNA, etc. Oligonucleotides or nucleic acid probes may 
have a length ranging from about 15 bases to about 10 kilo 
bases, or up to 100% of the target length. 
A signal sequence probe (SSP) may be an unlabeled RNA 

that is used to form an DNA:RNA hybrid recognized by, for 
example, a labeled hybrid-speci?c binding agent during the 
detection step. Since the SSP is unlabeled, it does not create 
background noise When unbound to the target, thereby result 
ing in more speci?city. A signal ampli?ed by approximately 
400 fold may be achieved if, for example, the size of the RNA 
signal probe is 8 kilobases (kb) and each antibody binds to 20 
bases. As previously described, generally, the signal sequence 
probe comprise at least 15 bases, but may be up to or greater 
than about 1000 bases, preferably betWeen about 15 to 100 
bases. Other non-limiting examples of a signal sequence 
probe include labeled RNA probe and labeled DNA probe. 
Hybridization is not limited to non-overlapping regions, but 
may in fact include overlapping regions. The detection of the 
RNA:DNA hybrid complex bound to a solid support may be 
performed in a multiplex format using, for example, a PE 
labeled antibody, carboxylated distinguishable beads, and 
detected by ?oW-cytometry. 
One embodiment for target (or amplicon) detection utilizes 

a liquid-based array. Bead arrays are commercially available 
and in this embodiment, carboxylated polystyrene bead 
arrays are preferable. Each Well of a 96-Well plate, for 
example, has a mixture of bead sets. A 13-plex has 13 bead 
sets Where each bead set has a speci?c “signature” and the 
signature is provided by dyes that are inside each bead. The 
ratio of these dyes is speci?c for each bead set, and enables 
differentiation betWeen each of the bead sets. Capture 
sequence probes (CSPs) or oligonucleotides speci?c for one 
target nucleic acid are applied or conjugated to one particular 
bead set. When the target is hybridized to the bead conjugated 
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8 
CSPs or oligonucleotides, selection of a particular bead set 
and then detection occurs using the complementary nucleic 
acid probe and labeled DNA:RNA hybrid-speci?c binding 
agent. The selection or separation may be carried out in a 
?oW-cytometer, Where the beads proceed one-by-one through 
tWo lasers: one of Which selects the signature on the bead, 
While the other detects the target as identi?ed by the labeled 
DNA:RNA hybrid-speci?c binding agents. In this Way, mul 
tiple targets may be differentiated and detected. Additionally, 
the labeled DNA:RNA reagent alloWs enhanced signal detec 
tion, thereby increasing both the speci?city and sensitivity of 
the assay. 
A further embodiment to the liquid-based bead array of the 

instant invention utilizes sub-Well plates. A sub-Well plate is 
a microtiter plate, having, for example, 96 primary Wells, 
Where each individual primary Well is subdivided into a num 
ber of sub-Wells. The sub-Well plate as a platform for multi 
plex has been previously described [A. Roda, et al. Clin. 
Chem 46: 1654-1660, 2002, incorporated by reference]. 
HoWever, the subWell platform, as previously used and 
described, has limited use because of the “cross-talk” prob 
lem betWeen different sub-Wells. Whereas, the modi?ed sub 
Well platform described here essentially eliminates the prob 
lem of cross-talk betWeen different subWells by the use of 
masks. Each sub-Well preferably has a knoWn target-speci?c 
capture sequence probe attached to the Well. Target nucleic 
acids may be added to the primary Well Where the target 
nucleic acid hybridizes to its complementary nucleic acid 
probe, i.e., signal sequence probe. DNA:RNA hybrids are 
formed betWeen a portion of the target nucleic acid and the 
signal sequence probe. The capture sequence probe binds a 
different portion of the target nucleic acid, thereby capturing 
the DNA:RNA hybrid to the solid phase. Detection of the 
target nucleic acid occurs as previously described using 
complementary nucleic acid probes Which hybridizes to the 
target nucleic acid, and labeled DNA:RNA hybrid-speci?c 
antibodies, for example, and by the knoWn capture sequence 
probe. Signal ampli?cation and the use of a mask Which acts 
as a lid to eliminate the cross-talk betWeen the sub-Wells both 
enable the speci?c and sensitive detection of target nucleic 
acids With minimal background noise. 
A Wide variety of methods are available that may be used 

for detecting and identifying the target sequence including, 
but not limited to dot blot hybridization, reverse blot hybrid 
ization on nylon membrane, hybridization of slide arrays, 
chip arrays, bead arrays, arrays on the bottom of a multi-Well 
plates, or the like. Non-limiting examples of solid supports 
for hybridization include bead arrays (for example, bead 
array products from commercially available sources), slide 
arrays, plate arrays (e. g., arrays on the bottom of each Well of 
a microtiter plate), sub-Well plates (microtiter plate that has 
16-64 small sub-Wells Within each Well), and arrays of elec 
trodes such as the GenOHM system (GeneOhm Sciences, 
Inc.). Drummond, et al., Nature Biolech, 21: 1192-1199 
(2003). Different types of reporters may be implemented to 
generate signals for detection through, for example, ?uores 
cence, chemiluminescence, and gold nanoparticles. As pre 
viously discussed, the detector means may include ?uores 
cence, any enzyme-based signal, chemiluminescent or 
colorimetric signals, light scattering With gold particles, or 
the like. 

In one embodiment, a reporter may be attached to a hybrid 
speci?c binding agent, such as but not limited to, antibodies 
speci?c for RNA:DNA hybrids (HC-Ab), proteins, catalyti 
cally inactive RNase H, nucleic acids, nucleic acid aptamers, 
or oligonucleotides having the ability to bind and form a 
triplex structure. Each labeled binding agent binds a nucle 
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otide segment of the DNA:RNA hybrid, for example, at least 
20 nucleotides in length, providing signal ampli?cation. 
A further embodiment of the invention for the multiplex 

detection of a plurality of target DNA in an unpuri?ed sample 
comprises the folloWing steps: 1) denaturing target DNA to 
create a single-stranded target sequence; 2) adding RNA 
probes and magnetic beads, Where the beads have been pre 
viously conjugated to antibodies that are speci?c for hybrids; 
3) removing any unbound targets and contaminants by Wash 
ing; 4) performing the isothermal ampli?cation of the cap 
tured targets for a relatively short period of time, such as for 
example l-3 hours, in the presence of DNA polymerase and 
other reagents to initiate ampli?cation and formation of 
amplicons; 4) denaturing the amplicons to create single 
stranded sequences; 5) hybridizing the ampli?ed target to 
oligonucleotides conjugated to a solid support (capture 
probes), such as beads or a microtiter plate, and to a signal 
sequence probe; and 6) detecting the presence or absence of 
each target DNA by differentiating the targets based on the 
capture probe features and detecting the signal sequence 
probe complex. 

In one embodiment of the invention, the hybridization of a 
target and probe may occur simultaneously With the capture 
step by a hybrid-binding agent While in the same mixture and 
at an elevated temperature. The elevated temperature during 
the entire process may alloW an increase in speci?city of 
target capture, While decreasing the reaction time. It is to be 
understood that the loW, moderate and high stringency 
hybridization/Washing conditions may be varied using a vari 
ety of ingredients, buffers and temperatures Well knoWn to 
and practiced by the skilled artisan. For additional stringency 
conditions, see T. Maniatis et al., Molecular Cloning-A Labo 
ratory Manual, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY. (1982). The one step hybridization and capture 
may also be more ef?cient than performing hybridization and 
capture sequentially, depending on the overall assay condi 
tions. 
A method of detecting target nucleic acids of interest in the 

presence of other nucleic acids, by target enrichment; target 
ampli?cation; and target detection, provides for a rapid, sen 
sitive method of simultaneously detecting multiple targets in 
the same reaction sample. This method is useful in clinical 
diagnostic applications for identifying, many disease states 
for example, Whether a patient is infected With the Human 
Papillomavirus (HPV) and determining Which speci?c HPV 
type or types the patient has, in order to better diagnose and 
treat the patient. Other diseases related to speci?c nucleic 
acids are readily knoWn in the art and Would be identi?able 
using the detection method described in the invention. 
Any source of nucleic acid, in puri?ed or non-puri?ed 

form, can be utilized as the test sample. For example, the test 
sample may be a food or agricultural product, or a human or 
veterinary clinical specimen. Typically, the test sample is a 
biological ?uid such as urine, blood, plasma, serum, sputum 
or the like. Alternatively the test sample may be a tissue 
specimen suspected of carrying a nucleic acid of interest. The 
target nucleic acid in the test sample may be present initially 
as a discrete molecule so that the sequence to be detected 
constitutes the entire nucleic acid, or may only be a compo 
nent of a larger molecule. It is not necessary that the nucleic 
acid sequence to be detected be present initially in a pure 
form. The test sample may contain a complex mixture of 
nucleic acids, of Which the target nucleic acid may corre 
spond to a gene of interest contained in total human genomic 
DNA or RNA or a portion of the nucleic acid sequence of a 
pathogenic organism Which organism is a minor component 
of a clinical sample. 
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The target nucleic acid in a test sample can be DNA or 

RNA, such as messenger RNA, from any source, including 
bacteria, yeast, viruses, and the cells or tissues of higher 
organisms such as plants or animals. Target could also be a 
cDNA synthesized from the RNA by reverse transcription. 
Methods for the extraction and/or puri?cation of such nucleic 
acids are Well known in the art. Target nucleic acids may be 
double-stranded or single-stranded. In one embodiment of 
the present method, the target nucleic acids are single 
stranded or made single-stranded by conventional denatur 
ation techniques prior to the hybridization and ampli?cation 
steps of the method. In one embodiment, a base denaturation 
technique or high temperatures are used to denature the 
double-stranded target DNA. 
The term “oligonucleotide” as the term is used herein 

refers to a nucleic acid molecule comprised of tWo or more 
deoxyribonucleotides or ribonucleotides. A desired oligo 
nucleotide may be prepared by any suitable method, such as 
puri?cation from a naturally occurring nucleic acid, by 
molecular biological means, or by de novo synthesis. Non 
limiting examples of oligonucleotides and nucleic acid 
probes are described herein. 

Nucleic acid probes are nucleic acid sequences that hybrid 
ize to complementary RNA or DNA sequences in a test 
sample. Detection of the probe indicates the presence of a 
particular nucleic acid sequence in the test sample. The 
nucleic acid probes may be directly or indirectly detected. In 
one embodiment, the target-speci?c HYBRID CAPTURE 
method employs tWo types of nucleic acid sequence probes: 
capture sequence probe (CSP) and signal sequence probe 
(SSP). 
A capture sequence probe or oligonucleotide comprises a 

nucleic acid sequence Which is capable of hybridizing to 
unique region(s) of a target nucleic acid and being captured 
onto a solid phase or Which enables the capture of the target 
nucleic acid sequence. The CSP used in the detection method 
can be DNA, RNA, peptide nucleic acids (PNAs) or other 
nucleic acid analogues. PNAs are oligonucleotides in Which 
the sugar-phosphate backbone is replaced With a polyamide 
or “pseudopeptide” backbone. In a preferred embodiment, 
the CSP is DNA. The CSP has a minimum length of at least 8 
bases, preferably between 15 and 100 bases, and more pref 
erably betWeen 20 and 40 bases. The CSP is substantially 
complementary to a target nucleic acid sequence to Which the 
CSP hybridizes. The sequence of a CSP is preferably at least 
75% complementary to the target hybridization region, more 
preferably, 100% complementary to this sequence. It is also 
preferred that the CSP contains less than or equal to 75% 
sequence identity, more preferably less than 50% sequence 
identity, to undesirable non-target sequences believed to be 
present in a test sample. The sequence Within a target nucleic 
acid to Which a CSP binds is preferably at least about 12 
bases, more preferably 20-40 bases. The target nucleic acid 
sequences to Which the CSP hybridizes are preferably unique 
sequences or group-speci?c sequences. Group-speci?c 
sequences are multiple related sequences that form discrete 
groups. For example, the CSPs may contain sequences Which 
recognize speci?c human papillomavirus types, such as but 
not limited to, HPV-l6, HPV-l8, and HPV-31. 

In one embodiment, the CSP used in the detection method 
may contain one or more modi?cations in the nucleic acid 
Which alloWs speci?c capture of the probe onto a solid phase. 
For example, the CSP may be modi?ed by tagging it With at 
least one ligand by methods Well-knoWn to those skilled in the 
art including, for example, nick-translation, chemical or pho 
tochemical incorporation. In addition, the CSP may be tagged 
at multiple positions With one or multiple types of labels. For 
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example, the CSP may be tagged With biotin, Which binds to 
streptavidin; or digoxigenin, Which binds to anti-digoxige 
nin; or 2,4-dinitrophenol (DNP), Which binds to anti-DNP. 
Fluorogens can also be used to modify the probes. Examples 
of ?uorogens include ?uorescein and derivatives, phyco 
erythrin, allo-phycocyanin, phycocyanin, rhodamine, Texas 
Red or other proprietary ?uorogens. The ?uorogens are gen 
erally attached by chemical modi?cation and bind to a ?uo 
rogen-speci?c antibody, such as anti-?uorescein. It Will be 
understood by those skilled in the art that the CSP can also be 
tagged by incorporation of a modi?ed base containing any 
chemical group recognizable by speci?c antibodies. Other 
tags and methods of tagging nucleotide sequences for capture 
onto a solid phase coated With substrate are Well knoWn to 
those skilled in the art. A revieW of nucleic acid labels can be 
found in the article by Landegren, et al., “DNA Diagnostics 
Molecular Techniques and Automation”, Science, 2421229 
237 (1988), Which is incorporated herein by reference. In a 
further embodiment, the CSP is tagged With biotin on both the 
5' and the 3' ends of the nucleotide sequence. In another 
embodiment, the CSP is not modi?ed, but is captured on a 
solid matrix by virtue of sequences contained in the CSP 
capable of hybridization to the matrix. 

The SSP used in the detection method may be a DNA or 
RNA. A signal sequence probe comprises a nucleic acid 
sequence Which is capable of hybridizing to regions of a 
target nucleic acid that are adjacent to the unique regions 
recognized by the CSP. In one particular embodiment of the 
invention, the SSP and target nucleic acid form a DNA:RNA 
hybrid. Therefore, in this embodiment, if the target nucleic 
acid is a DNA, then the preferred SSP is an RNA. Similarly, 
if the target nucleic acid is RNA, then the preferred SSP is a 
DNA. The SSP is generally at least 15 bases long. HoWever, 
the SSP may be up to or greater than 1000 bases long. Longer 
SSPs are preferred. The SSP may comprise a single nucleic 
acid fragment, or multiple smaller nucleic acid fragments 
each of Which is preferably betWeen 15 to 100 bases in length. 

The sequences of CSP and SSP are selected so that they do 
not hybridize to the same region of a target nucleic acid or to 
each other. The SSP sequence and CSP sequence Which cor 
respond to regions of a target nucleic acid sequence, may be 
modi?ed in order to eliminate competition betWeen the CSP 
and SSP. For example, the SSP may have deletions that the 
CSP does not include. In addition, the CSPs and the SSPs are 
selected to hybridize to regions of the target Within, for 
example, 50,000 bases of each other. The distance betWeen 
the sequence to Which the CSP hybridizes Within the target 
nucleic acid and the sequence to Which the SSP hybridizes is 
preferably betWeen about 1 and 50,000 bases. More prefer 
ably, the distance betWeen the CSP and SSP on a target 
nucleic acid is less than 3,000 bases, and most preferably, the 
distance is less than 1,000 bases. 

In another embodiment, a portion of the SSP used in the 
detection method forms a DNA:RNA hybrid With a single 
stranded target nucleic acid sequence, Which is detected by 
DNA:RNA hybrid-speci?c binding agents, and another por 
tion of the SSP is capable of hybridizing to the target nucleic 
acid. The SSP may be prepared by ?rst cloning a single 
stranded DNA sequence complementary to sequences Within 
the target nucleic acid into a single-stranded DNA vector, 
then hybridizing RNA complementary to the DNA vector 
sequence to generate a DNA:RNA hybrid. For example, if 
M13 is used as the DNA vector, M13 RNA is hybridized to the 
M13 DNA sequence in the vector to generate a DNAzRNA 
hybrid. The resulting SSP forms a DNA:RNA hybrid portion 
as Well as a single-stranded portion capable of hybridizing to 
sequences Within the target nucleic acid. The single-stranded 
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DNA should be at least 10 bases long, and may be up to or 
greater than 1000 bases long. Alternatively, the DNA:RNA 
hybrid portion of the SSP may be formed during or after the 
reaction in Which the single-stranded portion of the SSP is 
hybridized to the target nucleic acid. The SSP can be linear, 
circular, or a combination of tWo or more forms. The DNA: 
RNA hybrid portion of the SSP provides ampli?ed signals for 
the detection of captured hybrids using, for example, DNA: 
RNA hybrid speci?c antibodies, Which are labeled or are 
recognized by a labeled entity, as described herein. 

In yet another embodiment, the SSP used in the detection 
method is a molecule Which does not contain sequences that 
are capable of hybridizing to the target nucleic acid. In this 
embodiment, bridge probes comprising sequences capable of 
hybridizing to the target nucleic acid as Well as sequences 
capable of hybridizing to the SSP are used. The bridge probes 
can be DNA, RNA, peptide nucleic acids (PNAs) or other 
nucleic acid analogues. 

In a further embodiment, a portion of the SSP and a 
complementary nucleic acid probe form a DNA:RNA hybrid 
and a single-stranded portion of the SSP contains sequences 
complementary to sequences Within a bridge probe. The 
bridge probe, Which is capable of hybridizing to both the 
target nucleic acid and the SSP, serves as an intermediate for 
connecting the SSP to the target nucleic acid. The DNA:RNA 
hybrid is detected by a DNA:RNA hybrid-speci?c binding 
agent Which may be labeled or is detected by a labeled entity. 
The CSP hybridizes to a different portion of the target nucleic 
acid sequence, thereby capturing the target, bridge probe, and 
DNA:RNA hybrid complex to a solid phase or support. The 
SSP may be prepared as described above. 

In another embodiment, the SSP used in one target nucleic 
acid detection method comprises multiple sets of repeat 
sequences Which are complementary to a single-stranded 
RNA sequence capable of hybridizing to a bridge probe. A 
DNA oligonucleotide probe containing sequences comple 
mentary to the repeat sequences may be used to hybridize to 
the SSP to generate the DNA:RNA duplex needed for signal 
ampli?cation. 

In yet another embodiment, the bridge probe contains a 
poly(A) tail in addition to sequences Which are capable of 
hybridizing to the target nucleic acid. The SSP used in this 
example comprises poly (dT) DNA sequences. The bridge 
probe is therefore capable of hybridizing to the SSP via its 
poly(A) tail. A RNA probe comprising poly(A) sequences 
may be used to hybridize to the remaining poly (dT) DNA 
sequences Within SSP to form a DNAzRNA hybrid. The SSP 
comprising poly (dT) sequences and the RNA probe compris 
ing poly (A) sequences are preferably 100 to 5,000 bases 
long. 
The SSP used in the methods of detecting target nucleic 

acid sequences of the instant invention may be unmodi?ed or 
modi?ed as With the CSP using methods described above 
and/or knoWn in the art. In a preferred embodiment, the SSP 
is a covalently unmodi?ed probe. 

It is understood that multiple CSPs and/or SSPs can be 
employed in the detection method of the invention. 

In another embodiment, an oligonucleotide probe compris 
ing complementary sequences of tWo or more distinct regions 
of the target nucleic acid are fused together and used as the 
capture sequence probe in the method of the invention. Alter 
natively a single probe can be designed and produced Which 
contains sequences complementary to single or multiple tar 
get nucleic acids. This type of probe is also referred to herein 
as a “fused” CSP. The fused capture sequence probe Works as 
effectively as the combination of tWo unfused CSPs When 
used at the same concentration. 



US 7,601,497 B2 
13 

The nucleic acid probes of the invention may be produced 
by any suitable method knoWn in the art, including for 
example, by chemical synthesis, isolation from a naturally 
occurring source, recombinant production and asymmetric 
PCR (McCabe, 1990 In: PCR Protocols: A guide to methods 
and applications. San Diego, Calif., Academic Press, 76-83). 
It may be preferred to chemically synthesize the probes in one 
or more segments and subsequently link the segments, as may 
be the case for preparing an oligonucleotide microarray on a 
microchip. Several chemical synthesis methods are described 
by Narang et al. (1979 Meth. Enzymol. 68:90), BroWn et al. 
(1979 Meth. Enzymol. 68: 109) and Caruthers et al. (1985 
Meth. Enzymol. 154:287), all of Which are incorporated 
herein by reference. Alternatively, cloning methods may pro 
vide a convenient nucleic acid fragment Which can be isolated 
for use as a promoter primer. A double-stranded DNA probe 
is ?rst rendered single-stranded using, for example, conven 
tional denaturation methods prior to hybridization to the tar 
get nucleic acids. 

Hybridization is conducted under standard hybridization 
conditions Well-knoWn to those skilled in the art. Reaction 
conditions for hybridization of a probe to a nucleic acid 
sequence vary from probe to probe, depending on factors such 
as probe length, the number of G and C nucleotides in the 
sequence, and the composition of the buffer utilized in the 
hybridization reaction. Moderately stringent hybridization 
conditions are generally understood by those skilled in the art 
as conditions approximately 250 C. beloW the melting tem 
perature of a perfectly base-paired double stranded DNA. 
Higher speci?city is generally achieved by employing incu 
bation conditions having higher temperatures, in other Words 
more stringent conditions. Chapter 11 of the Well-knoWn 
laboratory manual of Sambrook et al., MOLECULAR CLONING: A 
LABORATORY MANUAL, second edition, Cold Spring Harbor 
Laboratory Press, NeWYork(1990) (Which is incorporated by 
reference herein), describes hybridization conditions for oli 
gonucleotide probes in great detail, including a description of 
the factors involved and the level of stringency necessary to 
guarantee hybridization With speci?city. Hybridization is 
typically performed in a buffered aqueous solution, for Which 
conditions such as temperature, salt concentration, and pH 
are selected to provide su?icient stringency such that the 
probes hybridize speci?cally to their respective target nucleic 
acid sequences but not any other sequence. 

Generally, the e?iciency of hybridization betWeen probe 
and target improve under conditions Where the amount of 
probe added is in molar excess to the template, preferably a 2 
to 106 molar excess, more preferably 103 to 106 molar excess. 
The concentration of each CSP provided for e?icient capture 
is at least 25 fmoles/ml (25 pM) in the ?nal hybridization 
solution, preferably betWeen 25 fmoles to 104 fmoles/ml (10 
nM). The concentration of each SSP is at least 15 ng/ml in the 
?nal hybridization solution, preferably 150 ng/ml. Table A 
shoWs the conversion of SSP concentrations expressed in 
ng/ml to molar basis. 

TABLE A 

Conversion of SSP Concentration From ng/ml to fmoles/ml 

SSP Concentration SSP Concentration in fmoles/ml BM 

in ngml SSP is a 3 kb RNA SSP is a 5 kb RNA 

15 ng/ml 15.1 9 
150 ng/rnl 151 90 
600 ng/rnl 606 364 
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Hybridization of the CSP and the SSP to the target nucleic 

acid in the detection step may be performed simultaneously 
or sequentially and in either order. In one embodiment, 
hybridization of the CSP and hybridization of the SSP to the 
target nucleic acid are performed simultaneously. In one 
embodiment, the DNA: RNA hybrid formed may then be cap 
tured onto a solid phase. The solid phase may be coated With 
a substrate to Which ligand attached to the CSP binds With 
speci?city. A portion of the target nucleic acid sequence and 
the SSP form a DNA:RNA hybrid, While another portion of 
the target nucleic acid sequence hybridizes to a CSP Which is 
attached to a solid phase. In another embodiment, hybridiza 
tion of the SSP to the target nucleic acid is performed after the 
hybridization of the CSP to the target nucleic acid. In this 
case, the CSP may be immobilized on a solid phase before or 
after hybridization. Both the CSP and the target nucleic acid 
sequence may be bound to the solid phase during the SSP 
hybridization reaction. 

It Will be understood by those skilled in the art that a solid 
phase, solid support, or solid matrix, may be used inter 
changeably and includes, for example, glass, silicon, metal, 
nitrocellulose, polystyrene, polyethylene, polypropylene, 
polycarbonate or any solid plastic material in the shape of 
plates, slides, dishes, beads, microbeads, particles, micropar 
ticles, cups, test tubes, slides, strands, chips, microchips, 
strips, membranes, microplates, microtiter plates With 
subWells, and microarrays. A solid phase also includes glass 
beads, glass test tubes and any other appropriate glass prod 
uct. A functionalized solid phase such as plastic or glass that 
has been modi?ed so that the surface contains carboxyl, 
amino, hydrazide, aldehyde groups, nucleic acid or nucle 
otide derivatives can also be used. 

In one embodiment, the CSP is labeled With biotin, and 
streptavidin-coated or avidin-coated solid phase is employed 
to capture the hybrid. In another embodiment, streptavidin 
coated microtiter plates or microplates are used. These plates 
may be coated passively or covalently. A further embodiment 
utilizes microtiter plates Where each individual Well has sev 
eral sub-Wells, Where a CSP is individually attached in each 
sub-Well. Another embodiment employs CSPs bound to 
beads by any of the knoWn and commonly used methods of 
binding, such as using spacers and linkers. When the CSP is 
conjugated to a solid support, the CSP may be used for cap 
turing and/or selecting for the target nucleic acid to Which it is 
complementary. 
The captured DNA:RNA hybrid may be detected by con 

ventional means Well-knoWn in the art. The DNA:RNA 
hybrid may be detected directly or indirectly using a labeled 
or distinguishable DNA:RNA hybrid-speci?c binding agent, 
such as a labeled polyclonal or monoclonal antibody, or frag 
ment thereof, speci?c for the DNA:RNA hybrid, an antibody 
speci?c for one or more ligands attached to the SSP, a labeled 
antibody, or a detectable modi?cation on the SSP itself. 
One preferred method detects the captured hybrid by using 

a DNA:RNA hybrid-speci?c antibody. In this embodiment, 
the DNA:RNA hybrid-speci?c antibody is preferably labeled 
With an enzyme, a ?uorescent molecule or a biotin-avidin 

conjugate, and is preferably non-radioactive. The label can be 
detected directly or indirectly by conventional means knoWn 
in the art such as a colorimeter, a luminometer, or a ?uores 
cence detector. One preferred label is, for example, alkaline 
phosphatase. Other labels knoWn to one skilled in the art can 
also be employed as a means of detecting the bound double 
stranded hybrid. Detection is performed by methods conven 
tionally used in the art, for example, colorimetry or chemilu 
minescence as described at Coutlee, et al., J. Clin. Microbiol. 
27: 1002-1007 (1989), incorporated by reference. Preferably, 
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bound alkaline phosphatase conjugate is detected by chemi 
luminescence by adding a substrate which can be activated by 
alkaline phosphatase. Chemiluminescent substrates that are 
activated by alkaline phosphatase are well known in the art. 

Detection of captured DNA:RNA hybrids is preferably 
achieved by binding the conjugated DNA:RNA hybrid-spe 
ci?c binding agent, such as but not limited to a DNA:RNA 
hybrid-speci?c antibody, to the DNA:RNA hybrid during an 
incubation step. In one embodiment, the DNA:RNA hybrid 
speci?c antibody is conjugated to a solid phase, for example, 
a paramagnetic bead. By placing the paramagnetic beads 
conjugated to the DNA:RNA hybrid-speci?c antibodies 
under a magnetic force, thereby capturing the DNA:RNA 
hybrids, surfaces may then be washed to remove any excess 
antibodies and other non-hybridized materials. This step 
enriches or puri?es the target nucleic acid sequence. These 
target enrichment techniques are known in the art. For 
example, manual washes may be performed using either an 
repeat pipettors or syringes, a simple pump regulated by a 
variostat, or by gravity ?ow from a reservoir with attached 
tubing. Commercially available tube washing systems avail 
able can also be used. 

Non-limiting examples of capture sequence probes useful 
in the invention include those having sequences for HSV-l; 
sequences for HSV-2. CSPs for HPV include those having 
SEQ ID NOs: 1-64. The HPV types that are encompassed by 
these sequences include: HPV16, HPV18, HPV26, HPV31, 
HPV33, HPV35, HPV39, HPV45, HPV51, HPV52, HPV56, 
HPV58, HPV59, HPV66, HPV68, HPV73, and HPV82, sev 
eral of which are high risk HPVs. 

In yet another embodiment, the method employs blocker 
probes in addition to the CSP and SSP. A blocker probe 
comprises sequences that are substantially complementary to 
the sequences of the CSP. The sequence of a blocker probe is 
preferably at least about 75% complementary to the sequence 
of the CSP, more preferably, 100% complementary to the 
CSP. The addition of the blocker probes to the hybridization 
reaction mixture prevents non-hybridized CSP from hybrid 
izing to cross-reactive nucleic acid sequences present in the 
target and therefore increases the speci?city of the detection. 
The blocker probe is generally at least about 5 bases to about 
12 bases. In one embodiment of the invention, the concentra 
tion of the blocker probe in the hybridization reaction is 
preferably in excess to that of the CSP and SSP. Preferably, 
the blocker probe is present in about a 2-fold molar excess, 
although, it may be present in an up to 10,000-fold molar 
excess. The blocker probes can be DNA, RNA, peptide, non 
speci?c nucleic acids (PNAs) or other nucleic acid analogues. 

In one embodiment, blocker probes complementary to the 
full-length or near full-length of the CSP are used. Following 
the reaction in which the hybrid between CSP, SSP and the 
target nucleic acid is formed, one or more blocker probes may 
be added to the reaction and the hybridization is continued for 
a desired time. The hybridization products are then detected 
as described above. 

In another embodiment, blocker probes complementary to 
only a portion of the CSP and shorter than the CSP are used. 
These blocker probes have lower melting temperatures than 
the CSPs. Preferably, the melting temperature of the blocker 
probe is 10 degrees lower than that of the CSP. In this embodi 
ment the blocker probe is preferably added to the target 
nucleic acids simultaneously with the CSP and the SSP. Since 
the blocker probe has a lower melting temperature than the 
CSP, the initial temperature for hybridization is chosen such 
that the blocker probe does not interfere with the hybridiza 
tion of the CSP to its target sequences. However, when the 
temperature of the hybridization mixtures is adjusted below 
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the temperature used for target hybridization, the blocker 
probe hybridizes to the CSP and effectively blocks the CSP 
from hybridizing to cross-reactive nucleic acid sequences. 
For example, when the hybridization products are incubated 
at room temperature on a streptavidin-coated microtiter plate 
during hybrid capture, the blocker probes may be added. 
Non-limiting examples of blocker probes are found in Table 
2. 

The following examples illustrate use of the present ampli 
?cation method and detection assay and kit. These examples 
are offered by way of illustration, and are not intended to limit 
the scope of the invention in any manner. All references 
described herein are expressly incorporated in toto by refer 
ence. 

Example 1 

Target-Speci?c Hybrid Capture (TSHC) Assay 
Protocol 

Herpes Simplex Virus 1 (HSV-l) and Herpes Simplex 
Virus 2 (HSV-2) viral particles of known concentration (Ad 
vanced Biotechnologies, Inc., Columbia, Md.) or clinical 
samples were diluted using either Negative Control Media 
(Digene Corp., Gaithersburg, Md.) or Negative Cervical 
Specimens (Digene Corp). Various dilutions were made and 
aliquoted into individual microfuge tubes. A half volume of 
the Denaturation Reagent 5100-0431 (Digene Corp.) was 
added. Test samples were incubated at 65° C. for 45 minutes 
to allow denaturation of nucleic acids in the samples. 

Following denaturation, a hybridization solution contain 
ing signal sequence probes (SSPs) (600 ng/ml each) and 
capture sequence probes (CSPs) (2.5 pmoles/ml each) was 
added to the sample, and incubated at 74° C. for 1 hour. 
Blocker probes in a solution containing one volume of 4x 
Probe Diluent (Digene Corp.), one volume of Denaturation 
Reagent and two volumes of the Negative Control Media 
were then added to the hybridization mixture and incubated at 
74° C. for 15 minutes. 

In a second series of experiments, following the denatur 
ation of nucleic acids, a hybridization mixture containing 
SSPs (600 ng/ml each), CSPs (2.5 pmoles/ml each), and 
blocker probes (250 pmoles/ml each) was added to the 
samples and incubated at 74° C. for 1 hour. 

Tubes containing reaction mixtures were cooled at room 
temperature for 5 minutes, and aliquots were taken from each 
tube and transferred to individual wells of a 96-well strepta 
vidin capture plate (Digene Corp.). The plates were shaken at 
1100 rpms at room temperature for 1 hour. The supematants 
were then decanted and the plates were washed twice with 
SNM wash buffer (Digene Corp.) and inverted brie?y to 
remove residual wash buffer. The alkaline-phosphatase anti 
RNA/DNA antibody DR-1 Reagent (Digene Corp.) was then 
added to each well and incubated at room temperature for 30 
minutes. The wells were then subjected to multiple wash 
steps which include: 1) three washes with Sharp wash buffer 
(Digene Corp.) at room temperature; 2) incubation of the 
plate with the Sharp wash buffer at 60° C. for 10 minutes on 
a heat block; 3) two washes with the Sharp wash buffer at 
room temperature; and 4) one wash with the SNM wash 
buffer (Digene Corp.) at room temperature. Following 
removal of the residual liquid, luminescent substrate 5100 
0350 (Digene Corp.) was added to each well and incubated at 
room temperature for 15 minutes. The individual wells were 
then read on a plate luminometer to obtain the relative light 
unit (RLU) signal. 
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Solutions containing Negative Control Media or knoWn 
HSV Negative Cervical Specimens Were used as negative 
controls for the test samples. The signal to noise ratio (S/N) 
Was calculated as the ratio of the average RLU obtained from 

a test sample to the average RLU of the negative control. The 
signal to noise ratio Was used as the basis for determining 
capture ef?ciency and the detection of target nucleic acids. A 
S/N value of 2 or greater Was arbitrarily assigned as a positive 

18 
The capture sequence probes and the blocker probes used 

in the experiments Were synthesized using the method 
described by Cook et al. (1988 Nucl. Acid. Res., 16: 4077-95). 
Unless otherWise noted, the capture sequence probes used in 
the experiments described herein Were labeled With biotins at 
their 5' and 3' ends. 
The signal sequence probes used in the experiments are 

RNA probes. These probes Were prepared using the method 
described by Yisraeli et al. (1989, Methods in EnzymoL, 180: 

signal WhileaS/N values less than2Was considerednegative. 10 42_50)_ 
The Coe?iclem Ofvananon (CV) Whlch 15 a detenmnanon of All of the CSPs Were assayed for their type speci?c abilities 
the variability of the experiment Within one sample set Was in Type Speci?c HYBRID C APIT [RE assays described 
calculated by taking the standard deviation of the replicates, herein, The following CSPS, 1,8,, SEQ ID NOS; 36-56, did not 
dividing them by the average and multiplying that value by shoW cross-reactive properties With other types and Were 
100 to give a percent value. accepted for use in the assay. 

TABLE 1 

Capture Sequence Probes For HPV 

Size HPV Type and 
Probe Sequence (bp) Sequence Location 

ZL-l GTACAGATGGTACCGGGGTTGTAGAAGTATCTG 33 HPVl6 

[SEQ ID No.1] 5360-5392 

ZL-4 CTGCAACAAGACATACATCGACCGGTCCACC 31 HPVl6 

[SEQ ID No.2] 495-525 

DP-l GAAGTAGGTGAGGCTGCATGTGAAGTGGTAG 31 HPVl6 

[SEQ ID No.3] 5285-5315 

DP-4 CAGCTCTGTGCATAACTGTGGTAACTTTCTGGG 33 HPVl6 

[SEQ ID No.4] 128-160 

SH-l GAGGTCTTCTCCAACATGCTATGCAACGTCCTG 33 HPV3l 

[SEQ ID No.5] 505-537 

SH-4 GTGTAGGTGCATGCTCTATAGGTACATCAGGCC 33 HPV3l 

[SEQ ID NO:6] 5387-5419 

VS-l CAATGCCGAGCTTAGTTCATGCAATTTCCGAGG 33 HPV3l 

[SEQ ID No.7] 132-164 

vS-4 GAAGTAGTAGTTGCAGACGCCCCTAAAGGTTGC 33 HPV3l 

[SEQ ID NO:8] 5175-5207 

AH-l GAACGCGATGGTACAGGCACTGCAGGGTCC 30 HPVl8 

[SEQ ID No.9] 5308-5337 

AH-2 GAACGCGATGGTACAGGCACTGCA 24 HPVl8 

[SEQ ID No.10] 5314-5337 

AL-l ACGCCCACCCAATGGAATGTACCC 24 HPVl8 

[SEQ ID No.11] 4451-4474 

PA-4 TCTGCGTCGTTGGAGTCGTTCCTGTCGTGCTC 32 HPVl8 

[SEQ ID No.12] 535-566 

l8-lAB (TTATTATTA)CTACATACATTGCCGCCATGTTCG 36 HPVl8 
CCA [SEQ ID No.13] 1369-1395 

18-2AB (TTATTATTA)TGTTGCCCTCTGTGCCCCCGTTGTC 46 HPVl8 
TATAGCCTCCGT [SEQ ID No.14] 1406-1442 

18-3AB (TTATTATTA)GGAGCAGTGCCCAAAAGATTAAAG 38 HPVl8 
TTTGC [SEQ ID No.15] 7524-7552 

18-4AB (TTATTATTA)CACGGTGCTGGAATACGGTGAGGG 37 HPVl8 

GGTG [SEQ ID NOzl6] 3485-3512 

18-5AB (TTATTATTA)ACGCCCACCCAATGGAATGTACCC 33 HPVl8 

[SEQ ID No.17] 4451-4474 

18-6AB (TTATTATTA)ATAGTATTGTGGTGTGTTTCTCACA 35 HPVl8 

T [SEQ ID NOzl8] 81-106 
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TABLE 2-continued 

Blocker Probes For HPV 

CSP to 

PROBE SEQUENCE SIZE which binds 

zv-11 CCCCATCTTGTTTCC [SEQ ID 110.102] 15 zv-1o 

zv-12 TCCTACACGCCTAGAC [SEQ ID 110.103] 16 zv-1o 

PNA-2 TATAGAGAACTGCTGTGTTC [SEQ ID 110.104] 20 PNA-l 

PNA-3 GAAATAGCGCCATTG [SEQ ID 110.105] 15 PNA-l 

PNA-S CTCAGGGGCAACCA [SEQ ID NOzlO6] 14 PNA-4 

PNA-6 ATCCATAGGGTCCGAC [SEQ ID 110.107] 16 PNA-4 

CDA-S CAATGCGGCGC [SEQ ID 110.108] 11 CDA-4 

cDA-6 TATAAACGAGGTGCAG [SEQ ID 1101109] 16 CDA-4 

CDA-7 GAAAATGCCCTGCTA [SEQ ID 1101110] 15 CDA-4 

CDA-l2 ACATGCGCCAGG [SEQ ID 1101111] 12 CDA-ll 

CDA-l3 GAGTAATGTGGTGTGTATG [SEQ ID 110.112] 19 CDA-ll 

CTA-2 GCAAGGCATACTGTG [SEQ ID 110.113] 15 CTA-l 

CTA-3 CACTGACACTTCGTG [SEQ ID 110.114] 15 CTA-l 

CTA-l7 GGACAATCACCAGTATTA [SEQ ID 110.115] 18 CTA-l6 

CTA-lSAGTTTGTGAAGTACATGG [SEQ ID 110.116] 18 CTA-l6 

DLA-lS CGGGTGATGGCC [SEQ ID 110.117] 12 DLA-l4 

DLA-l6 CCACTTGTACTGTGTAGG [SEQ ID 110.118] 18 DLA-l4 

REA-l7 CTGTGTTTAACTATGGGT [SEQ ID 110.119] 18 REA-16 

REA-l8 TACAACAGTATGTGTCAGAC [SEQ ID 110.120] 20 REA-16 

BNA-2 AAGACAGGGAGACAGC [SEQ ID 110.121] 16 BNA-l 

BNA-3 CTTATAAACAATACACAGG [SEQ ID 110.122] 19 BNA-l 

DLA-33 ATGCACTATAGTAACACACC [SEQ ID 110.123] 20 DLA-32 

DLA-34 ACTCCATTTTAGTGCTGTA [SEQ ID 110.124] 19 DLA-32 

Example 2 50 
TABLE 3 

Effect of the Distance Between the CSP and the SSP 
Target Sites 011 Capture E?iciency Effect of Distance between Target Sites 

on Capture Ei?ciency 
55 

The effect of the distance betWeen capture sequence probe Distance Between Relative Capture 

(CSP) and signal sequence probe (SSP) hybridization sites on CSP SSP Target Sim Ef?cimcy 
a HSV-l target nucleic acid on capture ef?ciency Was evalu 

ated. CSPs that hybr1d1Ze to HSV-l nucleic ac1d sequences 60 BRHlg H19 02 Kb 100% 
Wh1ch are located 0.2 kb, 3 kb, 18 kb, 36 kb and 46 kb fromthe FUR H19 3 Kb 500/ 

~ ~ ~ . 0 

site of SSP hybridization Were tested. The general TSHC 
~ ~ F6R RHSB 18 Kb 30°/ 

method described 1n Example 1 Was employed. The capture ° 
ef?ciencies Were 100%, 50%, 30%, 19% and 7%, respec- FUR RHSB 36 Kb 19% 
tively (Table 3). A steady decline in relative capture ef?cien- 65 F6R H19 46 Kb 7% 
cies Was observed as the distance increased from 0.2 Kb to 46 
Kb. 
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Example 3 

Capture Ef?ciency of Various CSPs and SSPs in 
TSHC Detection of HSV-1 

The capture ef?ciency of capture sequence probes (CSPs) 
for each of the four HSV-1 speci?c signal sequence probes 
(SSPs), H19, RH5B, RH3 and R1 0, in the detection ofHSV-l 
by TSHC Were evaluated. The criteria used for designing the 
capture sequence probes Were: 1) the CSP hybridization site 
is Within 1 kb either 5' or 3' of the SSP hybridization site on the 
HSV-1 nucleic acid sequence, preferably Within 0.5 kb; and 
2) the CSPs contain sequences that are unique to HSV-1, With 
no stretches of sequence homology to HSV-2 greater than 10 
bases. The CSPs Were designed to target the 5' and 3' regions 
adjacent to the SSP hybridization site, preferably With a 5' 
CSP and a 3' CSP for each SSP. The commercially available 
OMIGA software (Oxford Molecular Group; Campbell, 
Calif.) Was instrumental in the identi?cation of such sites. The 
melting temperature (Tm) of the CSPs Was designed to be 
betWeen 70° C. to 85° C. The general TSHC method 
described in Example 1 Was employed. Eleven CSPs (Which 
bind to 6 different sites) for H119, six CSPs (Which bind to 
three unique sites) for RH5B, six CSPs (Which bind to six 
unique sites) for RH3, and tWo CSPs for R10 Were tested. As 
shoWn in Table 4, e?icient capture sequence probes Were 
found for signal sequence probes H19, RH5B and R10. 

TABLE 4 

CSPs and SSPs for TSHC Detection ofHSV-l 

Cap 
SSP CSP % SSP CSP Cap% SSP CSP Cap% 

R10 ON-3 100%RH5B TS-l 50% H19 Hz-1 50% 
R10 ON-3 80% RH5B NC-1 75% H19 Hz-2 20% 

RH5B VH-4 130% H19 ZD-1 40% 
RH5B TS-2 25% H19 zD-2 20% 
RH5B VH-3 50% H19 BRH19 70% 

H19 VH2 70% 
H19 F15R 25% 

Example4 

Clinical Specimen Testing 

A 64-member clinical specimen panel Was tested for 
HSV-1 and HSV-2 using both TSHC and Hybrid Capture 2 
(hc2TM; Digene Corp.) methods. The panel included 15 
samples containing knoWn quantities of HSV-1 or HSV-2, 
and 49 samples knoWn to be negative for HSV-1 and HSV-2 
by PCR testing. Accordingly, the 15 positive samples Were 
“expected” to test positive in both the HC2 and TSHC assays, 
and the 49 negative samples Were “Expected” to test negative 
in both the HC2 and TSHC tests. 

The general TSHC method described in Example 1 Was 
employed. The results using the HC2 method and the TSHC 
method are shoWn in Tables 5 and 6, respectively. Of the 49 
samples “Expected” to yield negative result, 5 samples tested 
positive and 44 samples tested positive using the HC2 
method. In comparison, all 49 samples tested negative using 
the TSHC method. Therefore, the TSHC method is superior 
in speci?city to the HC2 method in the detection of HSV-1 
and HSV-2. 
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TABLE 5 

Observed vs. Expected Results for 
HC2 Detection ofHSVl and HSV2 

Expected Result 

HC2 Result Positive Negative 

Positive 1 5 5 
Negative 0 44 

Total 1 5 49 

TABLE 6 

Observed vs. Expected Results for 
TSHC Detection ofHSVl and HSV2 

Expected Result 

TSHC Result Positive Negative 

Positive 14 0 
Negative 1 49 

Total 1 5 49 

Example 5 

Effect of Combining Probes in TSHC Detection of 
HSV 

The effect of combining HSV-1 speci?c signal sequence 
probe and capture sequence probe sets on HSV-1 detection 
Was assessed. TSHC detection of HSV-1 and HSV-2 cross 

reactivity Was performed separately With tWo different sets of 
RNA signal sequence probe/biotinylated capture sequence 
probe combinations (Set #1: H19 plus HZ-l; and Set #2: 
RH5b plus the TS-1 and TS-2). TSHC Was also performed 
With both RNA signal sequence probe/biotinylated capture 
sequence probe sets combined to assess the effect of combin 
ing the tWo probe sets on sensitivity and cross-reactivity. The 
general TSHC method described in Example 1 Was 
employed. The results shoWn in Table 7 clearly demonstrate 
an additive effect of combining the tWo probe sets for HSV-1 
detection With no apparent increase in HSV-2 cross-reactiv 
ity. 

TABLE 7 

Sensitivity is Improved by Combining HSV-l Speci?c CSPs and SSPs 

Capture Sequence Signal Sequence 
Probes Probes VP/ml RLU CV S/N 

Hz-1 H19 0 60 3% 1.0 
Hz-1 H19 103 Hsv_1 267 4% 4.5 
Hz-1 H19 106 HSV-1 2316 6% 38.9 
Hz-1 H19 10"7 Hgvg 49 2% 0.8 
TS-1,TS-2 RH5B 0 78 6% 1.0 
TS-1,TS-2 RH5B 103 Hsv_1 291 6% 3.8 
TS-1,TS-2 RH5B 10”6 HSV-1 2368 11% 30.6 
TS-1,TS-2 RH5B 10”7 HSV; 75 11% 1.0 
HZ-1,TS-1,TS-2 H19, RH5B 0 70 12% 1.0 
HZ-1,TS-1,TS-2 H19, RH5B 103 Hsv_1 457 10% 6.5 
HZ-1,TS-1,TS-2 H19, RH5B 10”6 HSV-1 4263 1% 60.9 
HZ-1,TS-1,TS-2 H19, RH5B 10”7 HSV; 67 6% 1.0 
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Example 6 

Detection of HPV Types in Multiplex Format 

Rapid, sensitive and speci?c detection of 13 sequences 
representing different types of Human Papillomavirus (HPV) 
in a single biological sample Was performed in a multiplex 
format. This assay can analyze up to 96 samples in a 96 Well 
microplate format Within a 5 hour period of time. At least 500 
copies of one type of virus may be detected Within 5 hours 
after beginning the assay. 

Protein G-paramagnetic beads (Dynal Corp.; BroWn Deer, 
Wis.) and Luminex® 100TM carboxylated beads (Luminex 
Corp., Austin, Tex.) Were used as solid supports. HPV RNA 
Was prepared by in vitro transcription of HPV plasmids as 
commonly understood in the art and described by Ausubel, et 
al. [Current Protocols in Molecular Biology, NeW York, 
Wiley Publishing, 1993, incorporated by reference]. The 
novel assay has three steps including 1) target enrichment; 2) 
target ampli?cation; and 3) target detection. 

Target Enrichment: 
A sample Was prepared for ampli?cation by separating 

unWanted or non-speci?c DNA and contaminants from pre 
selected speci?c targets. This step removes unWanted DNA, 
the presence of Which substantially decreases the sensitivity 
of target ampli?cation. Target enrichment Was performed by 
capturing sequence speci?c RNA:DNA hybrids onto para 
magnetic beads. The beads Were initially modi?ed With anti 
bodies speci?c for RNA:DNA hybrids or HYBRID CAP 
TURE antibodies (Digene, Corp.). More speci?cally, the 
HC-Ab paramagnetic beads Were prepared by mixing 1 mL of 
Protein G Magnetic Beads (2.7><109 beads/mL; Dynal, Corp.) 
With 375 pg of HC-Ab and incubating at room temperature in 
PBS for 40 minutes forming bead-antibody (bead-Ab) com 

Probe 

Forward 5‘—GCACCAAAAGAGAACTGCAATGT-3‘ 

primer 

Reverse 5‘—CATATACCTCACGTCGCAGTAACT—3‘ 

primer 
* duel-labeled probe and primers 
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Salt Lake City, UT) 
* PAM-fluorescent reporter; BHQ-black hole quencher 

plexes. The bead-Ab complexes Were accumulated at the 
bottom of the Well by placing the plate upon a magnetic grid 
(Dynal, Corp.) and Washed once With 0.2 M Triethanolamine, 
pH 8.2. Antibodies Were cross-linked to the Protein G in a 
reagent of 20 mM DMP/0.2M Triethanolamine, pH 8.2 for 30 
minutes. The bead-Ab complexes Were Washed 3>< With 1 mL 
PBS-0.05% TWeen20. Beads Were then resuspended in 1 mL 
of PBS-TWeen and stored at 4° C. 

The sample Was serial diluted With various HPV plasmids 
(10 kb) prepared in a solution composed of 100 pg/ml Herring 
Sperm DNA, 1 M Guanidine-HCl, 10 mM Tris-HCl (pH 8.0), 
10 mM EDTA, 0.05% Sodium AZide in deioniZed Water. Each 
of the diluted samples (50 pl) Was mixed in a 96-Well micro 
plate containing 25 pl of 1 .75M NaOH per Well and incubated 
at 50° C. for 15 minutes to denature the sample. A cocktail of 
13 types of HPV RNA selected from Table 1 (15 ng each per 
assay) Was added to the denatured samples in neutraliZing 
solution: 25 pL of 0.125 M sodium citrate, 0.125 M sodium 
phosphate, 0.6 M triethanolamine, 0.6 BES, 0.83 M glacial 
acetic acid, 3% polyacrylic acid, 5 mM EDTA, 0.05% sodium 
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aZide, and 0.4% Tween-20 (pH 3.6-4.1). The HYBRID CAP 
TURE antibody (HC-Ab)-conjugated paramagnetic beads 
(5 .4>< 106 beads per assay) Were then immediately added to the 
neutraliZed sample. The HPV RNA and paramagnetic bead 
antibody conjugates Were hybridiZed to the sample target 
sequences for 30 min at 65° C. With shaking at 1 100 rpm. The 
magnetic bead-target complexes Were accumulated at the 
bottom of the Well by placing the plate upon a magnetic grid 
(Dynal, Corp.). The supernatant Was aspirated by pipette and 
the beads Were Washed three times using a Wash buffer (40 
mM Tris pH 8.2, 100 mM sodium chloride, 0.05% sodium 
aZide and 0.05% Tween-20), thereby removing any contami 
nants. 

Target Ampli?cation: 
Isothermal ampli?cation of the sample target DNA Was 

performed using random primers and a DNA polymerase 
having strand displacement activity. The DNA targets Were 
ampli?ed using phi29 DNA polymerase primed With random 
pentamers. The pentamer primers Were synthesiZed With tWo 
phosphorothioate bonds at the 3'-end to prevent degradation 
by the nuclease. Other modi?cations may include, but are not 
limited to, 2'O-methyl groups Which are incorporated into the 
structure of the primers. The target DNA Was ampli?ed for 2 
hours. Paramagnetic beads With captured target nucleic acid 
obtained in the target enrichment step Were resuspended in 20 
pl reaction composed of 50 mM Tris-HCl, pH 7.5, 10 mM 
MgCl2, 10 mM (NH4)2 S04, 4 mM DTT, 200 pg/ml acety 
lated BSA, 400 pM each dNTP, 125 pM random pentamers 
and 1 U of phi29 DNA polymerase (NeW England Biolabs, 
Inc) and incubated for 2 hours at 30° C. 

Primers Which may be useful in the ampli?cation step are 
listed beloW. 

(SEQ ID NO:l26) 

(SEQ ID NO:l27) 

(Integrated DNA Technologies, Inc.; 

Target Detection: 
Ampli?ed sequences Were detected using a liquid-based 

bead array system that integrates optics, ?uidics, and signal 
processing enabling multiplex capabilities (Luminex tech 
nology). The Luminex technology uses a highly sensitive 
assay system based on ?uorescent microbeads and reporter 
molecules that can detect multiple targets in the same assay 
Well (see, US. Pat. Nos. 5,981,180; 6,524,793; 5,736,330; 
6,449,562; 6,592,822; 6,632,526; 6,514,295; 6,599,331; 
6,046,807?; and 6,366,354). The Luminex detection instru 
ment uses tWo lasers: one for the detection of the ?uorescent 
bead itself and the other for the ?uorescent reporter. The 
bi-colored ?uorescent beads enabled multiplex detection of 
up to about 100 different targets. Luminex technology Was 
applied to HPV typing in this example. This method 
increased the sensitivity and robustness of the platform. 
TWo oligonucleotide sequences complementary to the late 

(L)- and early (E)-regions [M H Einstein and G N Goldberg, 
Cancer Invest. 20: 1080-1085, 2002, incorporated by refer 
ence] on the speci?c HPV type Were conjugated to the com 
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mercially available differently colored Luminex carboxy 
lated beads using the manufacturer’s protocol. Sequences of 
capture oligonucleotides Were presented in Table 1. TWo oli 
gonucleotides of one speci?c HPV type Were attached to the 
same bead set, thereby eliminating false negative results 
caused by the deletion of the HPV L-region Which may occur 
in cancer cells. An amplicon puri?cation step Was not 
required before the detection step since hybridization had 
been performed in the same tube Which held the paramagnetic 
beads introduced during the ?rst target enrichment step. 

The detection step of the assay began With amplicon dena 
turation in 75 pl of 438 mM NaOH at 70° C. for 15 minutes. 
A cocktail of 13 different types of HPV RNA (15 ng each per 
assay) Was added to the denatured sample in 25 ul of 0.125 M 
sodium citrate, 0.125 M sodium phosphate, 0.6 M triethano 
lamine, 0.6 BES, 0.83 M glacial acetic acid, 3% polyacrylic 
acid, 5 mM EDTA, 0.05% sodium aZide and 0.4% Tween-20 
(pH 3.6-4.1). Then, the 13 types of oligonucleotides are each 
conjugated to carboxylated Luminex polystyrene beads 
(5><103 beads per assay) and immediately added to the neu 
traliZed sample. The RNA and bead-oligonucleotide conju 
gates Were hybridized to the target for 30 minutes at 650 C. 
While shaking at 1100 rpm. The samples Were then ?ltered 
through the 96-Well ?lter plate (Whatman) and the beads 
Were resuspended in 100 pl of 1x phosphate-buffered saline 
(PBS), 0.05% Tween-20, 10% goat serum and 10 ng ofmouse 
monoclonal DNAzRNA hybrid-speci?c antibodies labeled 
With phycoerythrin (PE-HC-Ab). The samples Were incu 
bated for 30 minutes at room temperature (18-250 C.) While 
shaking at 1100 rpm. The excess antibody Was removed by 
vacuum ?ltration and the beads With target complexes Were 
resuspended in 100 pL PBS With 0.05% Tween-20. Samples 
Were then analyZed by Luminex ?oWcytometer after adjust 
ing the gain of the photomultiplier tube to 700 volts. 
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The results shoWn in Table 8 demonstrate the sensitivity of 

the detection of HPV 16 in the presence of all 13 HPV Type 
bead sets. The sensitivity of detection for plasmids Was 
greater than 500 copies per assay as indicated by the robust 
signal to noise ratio. The initial sample volume Was 50 pl, but 
may be increased to 500 pl or even the entire sample (for use 
in tube-based assays; not shoWn), Which Will increase the 
assay sensitivity to an even greater degree. The results also 
demonstrated the speci?city for HPV 16 detection. Essen 
tially no signal Was detected on bead sets speci?c for HPV 
targets other then HPV 16. The signals of Table 8 (average, 
n:4 replicates, % CV betWeen 3 and 31%) are the median 
?uorescent intensities (MP1) for 100 beads (events) per 
sample counted by the ?oWcytometer. The background or 
noise value is the MP1 of samples containing no target. 

Table 9 demonstrates the sensitivity and speci?city of 
detection of all 13 HPV types. The target HPV types are listed 
along the x-axis and the nucleic acid probes are listed along 
the y-axis. The same HPV target and HPV probe for each type 
is highlighted diagonally across the table (positive result). 
These boxes demonstrate the high level of speci?city of the 
probe for its HPV target. This experiment con?rms that the 
probes are speci?c for corresponding HPV type targets. The 
results in Table 9 shoW that, for example, HPV 16 target binds 
only the corresponding HPV 16 probe (positive result) and 
does not bind the probes for other HPV types (negative 
result). 

TABLE 8 

Sensitivig Of The Detection Of HPV 16 

The improved sensitivity of this step resulted from long 35 Target 
RNA signal sequence probes (6500 bp, approximate length) mp?“ Average ,signalmois,e Rafi‘) for 63°11 bead Sgt 
that permit binding of multiple phycoerythrin antibodies (PE- (copws/ Speci?c for the Individual HPV WW 

Ab), Whichtherebyresulted inabout 500 foldampli?cationof assay) 16 13 31 33 35 39 45 51 52 56 58 59 68 
signal compared to other detection techniques, such as those 2 
that use ?uorophores conjugated to short hybridiZation 40 2 i 183 ‘133 i i i i i i i i i i i i 
probes. The RNA signal sequence probes may have a length 5 X 104 553 2 1 1 1 3 1 2 1 1 1 2 1 
ranging from about 500 bases to about 10 kilobases, or up to 
just less than 100% of the target nucleic acid length. 

TABLE 9 

Speci?cig Of HPV Types 

Rxn copies Average LMX-MFI (n = 2) for each speci?c HPV capture probe/bead NB 0713 pg. 68-69 (013004) 

Target (ds-plasmid) 16 18 31 33 35 39 45 51 52 5 6 5 8 59 68 

16 0.E+00 22 33 25 91 50 36 22 46 33 66 34 

1.E+02 29 39 25 94 53 48 34 46 40 77 38 

18 0.E+00 25 17 25 50 26 31 15 33 18 43 28 

1.E+02 ‘ “,7: 18 26 21 90 47 33 26 39 25 69 27 

31 0.E+00 62 29 30 65 43 42 28 42 32 70 35 

1.E+02 76 25 28 79 62 42 27 40 34 87 42 

33 0.E+00 67 32 23 71 43 34 24 37 31 65 36 

1.E+02 91 29 26 105 54 40 32 56 31 109 38 

35 0.E+00 37 20 16 23 36 24 25 21 22 20 35 23 

1.E+02 62 31 16 29 51 33 23 21 39 25 57 27 
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TABLE 9-continued 

Speci?ciy Of HPV Types 

Rxn copies Average LMX-MFI (n = 2) for each speci?c HPV capture probe/bead NB 0713 pg. 68-69 (013004) 

Target (ds-plasmid) 16 18 31 33 35 39 45 51 52 56 58 59 68 

39 0.E+00 63 32 26 24 23 gmig?; 44 39 27 47 26 60 38 

1.E+02 104 34 35 39 25 56 40 108 35 

45 0.E+00 41 30 21 22 24 29 26 43 21 

1.E+02 46 24 23 18 27 35 26 53 18 

51 0.E+00 31 17 17 27 26 26 20 35 23 

1.E+02 45 23 24 21 17 26 23 46 18 

52 0.E+00 21 25 19 21 16 19 19 41 16 

1.E+02 44 38 14 25 23 42 36 24 31 24 51 25 

56 0.E+00 44 23 18 25 19 40 27 29 42 29 

1.E+02 52 28 19 39 30 50 37 27 15 50 18 

58 0.E+00 30 19 16 17 26 34 18 27 17 36 15 

1.E+02 47 26 11 22 11 30 26 22 14 54 22 

59 0.E+00 18 22 16 16 19 26 18 17 18 

1.E+02 45 24 17 16 22 42 26 28 18 24 19 

68 0.E+00 22 26 23 13 19 26 12 20 14 20 17 

1.E+02 37 23 18 19 18 34 30 21 19 22 20 

Example 7 Cervical samples Were collected using a brush and kept in 

Detection of HPV16, HPV58 and HPV33 

Cervical samples infected With multiple types of HPV 
Were modeled by mixing three plasmids each inserted With a 
different type of HPV sequence (10 kb) in the sample buffer 
indicated in Example 6. This example demonstrates the capa 
bility of the assay to detect multiple infections, When more 
than one HPV type is present in the sample. 

The assay of multiple target samples Was performed as 
illustrated in Example 21. Samples consisted of 1><102 copies 
ofHPV 16, 1><104 copies ofHPV 58 and 1><106 copies ofHPV 
33. Results in FIG. 7 demonstrated that HPV 16 target in loW 
abundance Was detected even in the highly abundant presence 
of other HPV types. FIG. 7 demonstrates that HPV 16 has a 
low signal to noise ratio, Where the signals (average, n:4 
replicates, % CV (coe?icient of variation) between 3% and 
31%) are the median ?uorescent intensities (MP1) for 100 
beads (events) per sample counted by the ?oW-cytometer. The 
noise value is the MP1 of samples containing no target plas 
mids. 

Example 8 

Detection of HPV in Clinical Samples 

HPV Was detected in cervical samples, Where the cervical 
samples Were collected in specimen transport media (STM; 
Digene Corp., Gaithersburg, Md.) and initially screened for 
the high-risk HPV types using the commercially available 
HC2 High-Risk HPV DNA TestTM assay (Digene Corp.). The 
HC2 assay results Were compared With those of the HPV 
typing assay described in this invention. 
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a storage medium (1 M Guanidine-HCl, 10 mM Tris-HCl (pH 
8.0), 10 mM EDTA, and 0.05% Sodium AZide in deionized 
Water) until use. Aliquots (50 ul) of cervical samples Were 
analyzed by HC2 (Digene Corp) according to the manufac 
turer’s recommendations or by the method described in 
Example 6. In order to compare the sensitivity of the tWo 
assays, the positive sample Was serially diluted in a cervical 
sample Without HPV infection. 

TABLE 10 

Comparison Of Detection Sensitivity Of Clinical Samples 

Positive sample dilutions HC2, Signal/Cutoff Typing Assay, S/N 

No dilution 187.2 585.1 

1:10 21.2 310.4 

1:100 2.3 199.2 

1:1000 <1 113.4 

1:10,000 <1 43.1 

The sensitivity of HC2 on clinical samples is reported in 
Table 10 and shoWs a Signal/Cutoff of 2.3 (100 fold diluted 
sample) Which corresponds approximately to 10,000 HPV 
targets per assay. Accordingly, When compared to the sensi 
tivity of the HPV typing assay of the invention, the invention 




















































